Purpose Rotating hinge knee prostheses are known to provide inherent stability. Yoke fractures of the hinged tibial insert of modern generation rotating hinge devices are a matter of continued concern. The aim of this study was to describe incidence and management of yoke fracture of the LPS™ hinged tibial insert. Methods Retrospective data analysis of two institutions identified 40 patients with a LPS™ total knee arthroplasty. Implant survival and prosthetic complications was calculated according to Kaplan-Meier.
Introduction
The latest or third generation of hinged knee prostheses incorporates a rotating hinge articulation with a metal-onpolyethylene bearing surface, allowing motion in three planes [23] . The transversely oriented axis allows flexionextension motion and the vertically oriented axis provides internal and external rotation. The post-in-channel design allows distraction during flexion and extension, which is restricted by the restraint of the soft tissues [23] . Furthermore, the hinged tibial insert also has to handle angular and translational moments [20] . There is surface contact throughout the total range of motion, which leads to the distribution of weight bearing forces through the femoral condyles [3, 13] . All these mechanisms are intended to address the modes of failure of earlier designs; third generation hinged prostheses produced good short-and mid-term results [1] [2] [3] 25] .
Ligamentous balancing as well as flexion and extension gap balancing of the knee are essential to achieve a stable joint reconstruction with a good functional outcome. Torbert et al. [21] showed that instability of the prosthetic knee is most apparent to the patient in flexion during activities that include lifting the lower limb out of a seated position or dangling the lower extremity [21] . Furthermore, Gustke et al. [7] suggested that instability and even distraction between the femoral and tibial component can result from soft tissue compromise and lack of ligament stability and balance.
Dislocation of rotating hinge knee prostheses is a rare but serious complication. There are several reports in the literature, and in most of the cases dislocation is associated with breakage or fatigue failure of the implant's mechanical antidislocation device, such as the anti-subluxation plateau of the LINK® Endo Model™ (Wright Medical Technology, Arlington, TN) [5, 10, 11, 16, 18, 22, 24, 26] . To our knowledge, there are only three publications in the literature reporting yoke fractures as a mechanical complication [11, 19, 20] .
The aim of this study was to identify yoke fractures of the Limb Preservation System™ hinged tibial insert (LPS™, DePuy, Warsaw, IN) as a mechanical complication, as well as to describe the management of the affected patients. Therefore, we conducted a retrospective study examining a consecutive cohort of 40 patients from two institutions. The hypothesis of our study is that yoke fractures are still a complication of modern rotating hinge devices, especially the LPS™ system. Furthermore, we did not expect a higher failure rate for this particular mechanical complication in comparison to the literature.
Materials and methods
The LPS™ device is a comprehensive modular implant system with a rotating hinge articulation, designed to facilitate limb sparing surgery. The central rotational stem of the LPS™ knee system is part cylindrical at the tip and part conical at the base of the polyethylene tray (Fig. 1) . Furthermore, the LPS™ rotating hinge prosthesis is designed to articulate with the mobile bearing tibial revision tray (M.B.T.), the LPS™ proximal tibial replacement and the S-ROM®Noiles™ tibial tray, depending on the patients' need and the surgeons' preference. The choice of the hinged tibial insert depends on the tibial tray used (Table 1) .
Between January 2003 and December 2008, 40 total knee arthroplasties were performed using the LPS™ knee system at two centres. The mean age at operation was 62 years (range, 14-84) and there were 17 female and 23 male patients. The average postoperative followup was 48 months (range, 2-79). Thirteen surgeries were done for tumor indications (eight osteosarcomas, two chondrosarcomas, one liposarcoma, one synovial sarcoma and one case of metastatic bone disease due to a malignant melanoma), all other arthroplasties (n0 27) were performed for revision indications such as infection (n 012), implant loosening (n 07), periprosthetic fracture (n07) or pseudoarthrosis (n01). The surgical management using a medial or lateral approach as well as the postoperative rehabilitation were equal at both centres. In all tumor patients a wide resection and reconstruction of the lost bone stock has been performed. Further, in case of proximal tibial reconstruction (seven tumor indications and one pseudoarthrosis), a medial gastrocnemius flap was used for soft tissue coverage.
Out of this group, five patients died due to the underlying disease or due to another cause and one patient was lost to follow-up at two, seven, nine, 15, 29 and 48 months, respectively. The remaining 34 patients remain under periodic clinical observation to date.
The data of all patients was analysed retrospectively to identify the occurrence of yoke fractures of the LPS™ hinged tibial insert as a mechanical complication as well as the management of these events. Furthermore, all other complications have been highlighted and classified according to Hernderson et al. [9] .
Implant survival was calculated using Kaplan-Meier curves for the specific mechanical failure under investigation as well as other causes for revision surgery according to Henderson et al. [9] . For statistic analysis the PASW Statistics 16.0 program (SPSS Inc., Chicago, IL) was used. The study was approved by the Ethics Committee of the Medical University of Graz.
Results
Out of the group of 40 patients with a mean postoperative follow-up of 48 months (range, 2-72) using the LPS™ rotating hinge prosthesis for knee reconstructions, four fractures of the metal yoke occurred in four patients (failure rate: 10%) after six, 34, 36 and 38 months, respectively (mean, 29 months) (Fig. 2a-c) . Two fractures occurred in two patients having undergone tumor resection (one distal femoral and one proximal tibial reconstruction) and two in patients after revision surgery. The mean age at event was 49 years (range, 22-68), and three of four were male. All patients reported a normal activity level.
In one patient treated with a rotationplasty of the contralateral leg for an osteosarcoma several years before, the metal yoke fractured a second time, 17 months following revision of the hinged insert for the first yoke fracture. After a second dislocation an exchange arthroplasty of the inlay was performed using a modified LPS™ hinged insert, in which the metal yoke is forged and not cast material. Nevertheless, the patient used a knee orthosis for a period of 12 months to enhance joint stability. No further mechanical complication occurred in this case during a follow-up of nine months. Another patient was revised due to a refracture of the metal yoke which occurred four months following exchange arthroplasty of the hinged tibial insert for the first fractured yoke.
Summarizing, the management of metal yoke fractures included exchange of the hinged tibial insert in all cases. Furthermore, the soft tissues were balanced in two patients. In one patient the patella tendon was strengthened with a Lars band (Lars Ligament Augmentation & Reconstruction System, Arc sur Tille, France). In another case, the S-ROM®Noiles™ femoral rotating hinge component was revised into a LPS™ distal femoral reconstruction component, which allowed reduction of the inlay's thickness, and distal positioning of the previously elevated joint line.
According to the classification system of Henderson et al. [9] , failures needing a revision surgery were divided to mechanical and non-mechanical failure modes. Overall, there were five "type 1" (soft tissue failure, 12.5%), five "type 2" (aseptic loosening, 12.5%), five "type 3" (structural failure, 12.5%), eight "type 4" (infection, 20%) and no "type 5" (tumor progression) failures observed.
Calculating implant survival according to the classification system of Henderson et al. [9] showed an estimated event free survival of 89% for "type 1", 86% for "type2", 82% for "type 3" and 81% for "type 4" failures (Fig. 3a) . The calculated event free survival for all complications needing a revision surgery was 57% at 38 months, which was significantly worse compared to the implant survival anteroposterior and lateral radiographs of a dislocated LPS™ prostheses due to a fractured metal yoke 38 months after implantation. c The fractured and explanted metal yoke of the 14-mm LPS™ insert, 38 months following implantation for yoke fractures with 86% at 38 months of follow-up (Fig. 3b) .
Discussion
In the present series we report six dislocations of rotating hinge knee prostheses due to fractured and re-fractured metal yokes in four patients out of a group of 40, which results in an unacceptable incidence of 10% in comparison to the literature. On the other hand, one limitation of the study is the average follow-up of 48 months (range, 2-79), which is relatively short for a study reporting prosthetic complications. Nevertheless, it is important to report this serious mechanical problem, which occurred at two independent centres. At the beginning, "megaprostheses" with a fixed hinge or rotating hinge articulation were custom made and only used for reconstruction of the knee following resections of malignancies [2, 4, 8, 11, 17] . With increasing experience with limb salvage procedures, the demand for megaprostheses rose. Use of these prostheses in cases of metastatic disease, comminuted peri-articular fracture and salvage revision total knee arthroplasty increased as well [1, 3, 8, 15, 17, 25] .
Among several reconstructive methods available, prosthetic replacement offers several advantages like early stability, mobilization, and weight bearing [3, 4, 11, 15, 17, 21] . On the other hand, limited revision options are a disadvantage of rotating hinge knee prostheses. If a rotating hinge prosthesis fails, the only possibilities are the reinsertion of another rotating hinge knee, an allograft-prosthesis composite, arthrodesis, or amputation [13] . Furthermore, reconstructions using such devices are known to have high failure rates. Infection, aseptic loosening, and mechanical failures are among the most common complications seen with these implants [4] .
In the present series we report six dislocations of rotating hinge knee prostheses due to fractured metal yokes, as well as the patients' management. In all cases the yoke fractures of the hinged tibial insert occurred at the same location, at the transition zone from the conical to the cylindrical part (Fig. 2c) . One explanation for the fracture mechanism could be thrashing due to high axial load during flexion combined with several millimeters of distraction and anterior load (Fig. 4a) . Schwarzkopf et al. [20] hypothesized that the fatigue fractures of the yokes could be caused by a cantilever effect due to extreme laxity of the knee and non-rotatory motion at the insert-base plate interface (Fig. 4b) [20] . Additionally, the location of the fracture is in the region of maximal stem stress resulting from anterior load of the tibial component (Fig. 4a, b) . On the other hand, the fractures of the yokes could be due to a failure in their fabrication. The manufacturer however reacted and withdrew the error-prone inlay from the market and altered the production method. Currently, the metal yoke is forged and no longer cast material. Furthermore, the internal geometry of the yoke was changed to more closely match the S-ROM®Noiles™ inserts and the tolerances between the polyethylene and metal bushing was tightened. Although the manufacturer modified the hinged insert, excessive flexion gap imbalance as well as posterior dislocating forces cannot be eliminated by design changes. Therefore, users of this implant should be aware of re-occurrence of the reported mechanical failure. To the author's best knowledge, there has been no further yoke fracture reported following modification of the insert. [9] . b Kaplan-Meier curve for yoke fractures and the overall revision-free survival, for which the calculated implant survival was 86% and 57% at 38 months of follow-up, respectively There are only two other studies in the literature reporting yoke fractures as a mechanical complication [11, 19] . Kawai et al. [11] reported two yoke fractures of the Finn® rotating hinge knee (Biomet Orthopedics, Warsaw, IN; incidence of 4.2%) and Rand et al. [19] also revealed two yoke fractures of the Kinematic® rotating hinge knee (Howmedica, Mahwah, NJ; incidence of 2%). As a consequence of the failure in the series of Kawai et al. [11] , the yoke was thickened about 50% and no complications occurred in the thicker components series since the change in manufacturing. Nevertheless, the incidence for yoke fractures was 10% in the present series, which is unacceptable, and two-fold and five-fold higher in comparison to the reports of Kawai et al. [11] and Rand et al. [19] , respectively.
There are several reports in the literature about dislocated rotating hinge knee prostheses but in most cases the dislocation was associated with implant breakage or fatigue failure of the tibial antidislocation device [5, 10, 11, 16, 18, 22, 24, 26] . All authors hypothesized that excessive flexion gap instability and posterior dislocating forces were responsible for the mechanical failure of the yokes, indicating the need for an appropriated knee ligamentous balance, especially the flexion gap.
The second case in the series of Schwarzkopf et al. [20] demonstrates the importance of gap balancing and joint line restoration in order to regain function and provide stability. Elevation of the joint line is a more frequent occurrence than lowering it, especially following revision total knee arthroplasty [12, 14] . Malposition of the joint line is associated with inferior results and various problems such as anterior knee pain, patella baja, and mid-flexion laxity [12, 14] . Using a posterior stabilized implant for primary total knee arthroplasty showed an inferior clinical outcome by elevating the joint line by more than 8 mm [6] . Konig et al. [12] noted that elevating the joint line in revision total knee arthroplasty increases the joint contact forces, and thus it should be avoided in order to minimize the risk of biomechanical induced complications.
The forces transmitted to the hinged insert of a rotating hinge prosthesis increase in cases of joint line elevation due to the altered joint kinematics. Therefore, any angular or translational laxity which escapes the constraint articulation has to be borne by the metal yoke of the rotating hinge prosthesis [20] , which may result in its fracture.
Nevertheless, several manufacturers provide revision implants with slotted and fluted stems to provide torsional stability, metaphyseal sleeves to fill bony defects, and modular augments to preserve the joint line [15, 20] .
In summary, we report six fractures of the metal yoke of the hinged tibial insert of a rotating hinge design, and the individual management of this complication. Overall, handling this complication includes replacing the hinged insert, stabilization of the joint (e.g. orthosis, adaption of the extensor mechanism) and joint line height preservation in order to decrease the cantilever effect at the insert-base plate interface. Although the manufacturer modified the hinged insert, users of this implant should be aware of re-occurrence of the reported mechanical failure. Nevertheless, as a salvage option, we recommend the exchange of the prosthesis to another rotating hinge design such as the Global Modular Replacement System (GMRS™, Stryker, Mahwah, NJ), because to the author's best knowledge, such a mechanical complication has not been reported for this device. Fig. 4 a Graphic delineation demonstrating the yokes' fracture due to high axial load during flexion combined with several millimeters of distraction and posterior dislocating forces. b Graphic delineation showing the nonrotatory motion and the cantilever effect at the insert-base plate interface of a rotating hinge device, supposed to be responsible for the failure of the hinged insert as published in the study of Schwarzkopf et al. [20] 
